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SUMMARY

An investigation was conducted in the Langley high-speed T- by 10-
foot tunnel at Mach numbers from 0.80 to 0.92 to determine some effects
of fuselage shape on the aerodynamic characteristics of a model having
low and high wing arrangements. The results showed that when the cross
section of a fuselage was changed from a circular to an essentially square
shape, the location of the aerodynamic center for the wing-body combina-
tion was moved forward. With the tail on, the high-wing model with the
circular fuselage cross section had the most favorable variation of
pitching moment over the lift-coefficient range.

The directional stability was greatest for a low-wing configuration
with a fuselage having a half-circular cross section on top and a half-
square cross section below. The square-fuselage configurations became
directionally unstable at an angle of attack of about 12° with the wing
in either high or low positipn; whereas the high-wing-——circular-fuselage
model became directionally unstable at an angle of attack of about 17°
and the low-wing—circular-fuselage model remained stable through the
test angle-of-attack range.

Fuselage cross section had little effect at low angles of attack on
the effective dihedral derivative; but, at high angles of attack, the
square fuselage provided considerably more effective dihedral than the
circular fuselage.
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INTRODUCTION

The National Advisory Committee for Aeronautics is conducting wind-
tunnel investigations to determine the aerodynamic characteristics of air-
plane models with various arrangements of the component parts. Some
results of investigations at low speed have been reported in reference 1,
at high subsonic speeds in reference 2, and at supersonic speeds in refer-

ences 3 and L.

This paper presents results which show some effects of fuselage
cross-section shape and wing height on the longitudinal aerodynamic
characteristics and static lateral derivatives of a model having a
45° swept wing of aspect ratio 4, taper ratio 0.3, and with an NACA
65A006 airfoil section in combination with a fuselage of fineness
ratio 10.95. The test Mach number range was from 0.80 to 0.92; the
corresponding Reynolds numbers (based on wing mean aerodynamic chord)

varied from 2.5 X lO6 to 3.0 X 106.

COEFFICIENTS AND SYMBOLS

The force and moment coefficients are presented about the stability
axes system shown in figure 1. The pitching-moment and yawing-moment
axes intersect on the fuselage center line and are located 31.22 inches
from the fuselage nose (longitudinal location of quarter-chord point of
wing mean aerodynamic chord).

C1, 1ift coefficient, Lift
as
. s Dr
Cp drag coefficient, —a%g
Cm pitching-moment coefficient, Plﬁchingémoment
q
C side-force coefficient, Side force
Y =
Cn yawing-moment coefficient, Y&Wlnisﬁoment
¢, rolling-moment coefficient, ROllingbmoment
Q.

q dynamic pressure, pga, 1b/sq ft
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A free-stream velocity, ft/sec
p mass density of air, slugs/cu ft
i S wing area, 2.25 sq ft
b wing span, 3.00 ft
o b/2
c wing mean aerodynamic chord, -S—L/W cedy, 0.822 ft
0
;3 EH horizontal-tail mean aerodynamic chord, 0.388 ft
EV vertical-tail mean aerodynamic chord, 0.757 ft
j c local chord parallel to plane of symmetry, ft
y spanwise distance from plane of symmetry, ft
M Mach number
@ angle of attack, deg
B angle of sideslip, deg
¢ %
e, oC
I
3y
GYB Y
B OB
a3y
CZ = —
B OB
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MODELS AND APPARATUS

A three-view drawing of the model is presented in figure 2 together
with tables of the geometric characteristics of the wing and tail sur-
faces. Coordinates of the fuselage profile and details of the fuselage
cross-section shapes are given in figure 3. The corners of the
rectangular-sided cross sections were rounded to a radius equal to
6.4 percent of the section width. The profiles of the fuselages were
identical for the three cross-section shapes (see fig. 3) but the half-
circular-half-square and square cross-section areas were greater than the
circular cross-section area by about 13 percent and 27 percent, respec-
tively. A photograph of the low-wing—square-fuselage model mounted on
the sting in the Langley high-speed T7- by 10-foot tunnel is shown in
figure L.

The chord plane of the wing was located on the fuselage 2.00 inches
from the plane of the fuselage center line (fig. 2). The fuselage nose
and center sections could be rotated 180° about the fuselage longitudinal
axis to place the wing in a low or high position. The complete model,
congisting of wing and fuselage with or without tail surfaces, was
attached to the supporting sting (fig. 4) by a six-component internal
strain-gage balance. The model forces and moments were measured by the
balance and recorded automatically.

TESTS

The sting-supported model was tested in the Langley high-speed T-
by 10-foot tunnel over a Mach number range from 0.80 to 0.92. The
Reynolds number (based on wing mean aerodynamic chord) varied from

about 2.5 X 106 to 5.0 X 106. The angle of attack varied from ~-3° to a
maximum of 24°; but as the Mach number was increased, the maximum angle
of attack was limited by balance loads or available tunnel power. With
the wing in the low position, tests were made with the circular, half-
circular-half-square, and square fuselage shapes. Tests were made on the
circular and square fuselage shapes with the wing in the high position.
Static longitudinal characteristics were obtained through the angle-of-
attack range at B = 0°. During the longitudinal tests of the circular
fuselage, only the horizontal tail was removed. In the rest of the tail-
off tests, including the lateral parameter tests, the horizontal tail as
well as the vertical tail was removed. Static lateral characteristics
were obtained through the angle-of-attack range at nominal sideslip angles
of t4°. The static lateral stability parameters were computed at each
angle of attack by taking the algebraic differences between Cp, Cy,

and C, at the two angles of sideslip (t4°). These values were then
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divided by the difference in sideslip angle which varied slightly from
the nominal value of 8° because of corrections to B due to deflection
of the balance and sting under load.

CORRECTIONS

Blocking corrections applied to Mach number and dynamic pressure
were determined by the method of reference 5. Jet-boundary corrections

determined from reference 6 were applied to the angle of attack and drag.

Corrections due to longitudinal pressure gradient were applied to the
drag data. No model-support tares have been applied to the results.
Drag data have been adjusted to correspond to a pressure at the base of
the fuselage equal to free-stream static pressure.

The angles of attack and angles of sideslip have been corrected for
deflection of the sting support and balance. No attempt has been made to
correct the data for aeroelastic deformation of the model as the correc-
tions are believed to be small. (See ref. T.)

PRESENTATION OF RESULTS

The results of this investigation are presented in figures listed
as follows:

Longitudinal characteristics of: Figure
Low-wing-——circular-fuselage combination . . . « « « ¢« ¢« « « o .
High-wing-—circular-fuselage combination . . . . . .« . . « . .
Low-wing-—square-fuselage combination . . . . . .« + . « « « . .
High-wing—square-~fuselage combination . . . . . . . . . . .

\O =3 W\

Variation of C with Mach number .« « o « ¢ ¢ 2 « &« o o o « o @

ey,

Summary of effects of body shape and wing height
on variation of Cj against C; at M=0.80 . . . . . . . . . .. 10

Static lateral stability parameters of:
Iow-wing—circular-fuselage combination . « « « « ¢ « « ¢ « & 11
High-wing—circular-fuselage combination . . . « « . ¢« « . . . 12
Low-wing—half-circular-half-square-fuselage combination . . . 13
Low-wing--square-fuselage combination . « « o« o o o « o o o o 14
High-wing-—square-fuselage combination . « . « ¢ ¢ « &« & « & & 15
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Figure

Comparison of the variation of CYB, CnB, and CzB with
a,a‘bM=O.8O @206 o o & 8 e & 6 & e & e » ® ° e & e o 5 e ° » X 16
Increments of static lateral derivatives due to tail . . . . . 17

DISCUSSION

Iongitudinal Stability Characteristics

Fuselage cross-section shape and wing position had little effect on
the variation of 1ift coefficient with angle of attack (figs. 5(a)
to 8(a)). The drag of the square-fuselage configurations near zero lift
was, in general, slightly higher than the drag of the circular-fuselage
configuration, probably because of the larger volume of the square
fuselage.

The slopes of the pitching-moment curves against CL for circular-

and square-fuselage models have been measured at zero 1ift and are pre-
sented in figure 9. In general, the aerodynamic center moved rearward
with increasing Mach number for all configurations. The aerodynamic-
center location of the circular-fuselage configuration (tail off) was
from 1.0 to 2.5 percent of the mean aerodynamic chord more rearward than
that of the square-fuselage configuration except at the highest Mach
number. The aerodynamic-center location of the circular-fuselage con-
figuration with the tail on was about 2.0 to 3.0 percent of the mean
aerodynamic chord more rearward than that of the square-fuselage con-
figuration at all Mach numbers.

In reference 8, it is shown that the shape of the static pitching-
moment curve is a primary factor affecting the dynamic pitch-up motions
of an airplane. Examination of the pitching-moment curves of figures 5
to 8 indicates that at moderate 1ift coefficients, regions of decreased

stability were present for all configurations investigated. The pitching-

moment curves of the circular-fuselage configurations (high and low wing
positions) had less severe breaks than those of comparable square-fuselage
configurations (fig. 10). The addition of the horizontal tail compensated

a large part of the unstable breaks for both fuselage shapes with the wing

in the high position; the stabilizing effect of the horizontal tail was
not as strong on the low-wing configurations. In general, the complete
model with the high wing and circular fuselage had the most favorable
variation of pitching moment with 1ift over the Mach number range
investigated.
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Lateral Stability Characteristics

Tow-wing configurations.- Fuselage cross-section shape had large
effects on the lateral stability characteristics of, the low-wing models,
particularly at angles of attack above about 4O, Comparison curves
showing the variation of CYB, C and CZB with angle of attack

Nnnp?
B
at M = 0.80 are presented in figure 16. A decrease in the directional

stability of the square-fuselage configuration resulted from the decrease
in the increment of GYB due to the tail. From figure 16 it is seen that

the square-fuselage configuration (tail on) became directionally unsteble
at a=~ 12°, The value of CnB and the increment in CnB due to the

tail at M = 0.80 (figs. 16 and 17) were larger for the half-circular-
hal f-square-fuselage than for either the circular- or the square-fuselage
configuration. 1In general, for the three low-wing configurations tested,
variation in Mach number from 0.80 to 0.92 produced slight improvements
in directional stability characteristics.

In the low-angle-of-attack range, fuselage cross-section shape had

little effect on CZB. For all configurations the variation of Cl with
B

low and moderate angles of attack increased slightly with increase in
Mach number. At angles of attack above approximately 4°, the variation
of ClB with o became markedly nonlinear and behaved in the manner

described in reference 9 relating to swept wings. At angles of attack
above lOo, ACZB (fig. 17) became positive for the circular- and half-

circular-half-square-fuselage configurations but remained negative for
the square-fuselage model.

High-wing configurations.- The change in wing position from low to
high had little effect on the angle of attack at which the square-
fuselage configuration (tail on) became directionally unstable; although,
as has been shown in other investigations, changing the wing position
from low to high on the circular-fuselage configuration (tail on) re-
sulted in a significant deterioriation in directional stability, partic-
ularly at high angles of attack (fig. 16). At low angles of attack,
raising the wing produced the usual reduction in ACnB for all config-

urations. For the high-wihg configurations there was little effect of
fuselage cross-section shape on the increment in CnB due to the tail.

At low angles of attack, @bout the same increase in effective
dihedral -CZB> " resulted from raising the wing from a low to a high

position for either the circular-.or square-fuselage configurations. At
high angles of attack, the square-fuselage model had considerably higher
effective dihedral than the circular-fuselage model.
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CONCLUSIONS,

An investigation was made to determine the aerodynamic characteris-~
tics at high subsonic speeds of a wing of aspect ratio 4, taper ratio 0.3,
sweep of 450, and with an NACA 65A006 airfoil section mounted in a low and
& high position on fuselages of fineness ratio 10.95 with circular, half-
circular-half-square, and square cross-section shapes. The results of
this investigation indicate the following conclusions:

1. The configurations with the circular-fuselage cross sections
"generally had the more rearward aerodynamic centers compared to the con-
figurations with the square fuselage cross sections.

2. The high-wing—circular-fuselage configuration (tail on) had the
most favorable pitching-moment variation with 1lift; however, at moderate
1ift coefficients, regions of decreased stability were present for all
configurations.

3. The square-fuselage complete model became directionally unstable
at about an angle of attack of 12° with the wing in either a high or low
position; whereas the circular-fuselage model with the low wing remained
stable throughout the angle-of-attack range and the high-wing—-circular-
fuselage model became unstable at about l7° angle of attack. The most
favorable directional stability characteristics were obtained for the
low-wing model with a fuselage having a half-circular cross section on
top and a square cross section below.

4k, Fuselage cross section had little effect on the effective dihedral
parameter at low angles of attack; but, at high angles of attack, the
square fuselage provided considerably more effective dihedral than the
circular fuselage.

Langley Aeronautical ILaboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., October 18, 1955.
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Figure 2.- Three-view drawing of model with circular, square, and hal¥-
circular-half-square fuselage cross-section shapes. All dimensions

are in inches.
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Figure 3.- Fuselage dimensions showing profile and cross sections'
geometry. All dimensions are in inches.



Figure 4.- Photograph of model mounted in the Langley
10-foot tunnel.
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tail, and circular fuselage.



15

NACA RM L55J25

Horizontal tail

on
off
lIl]IIIIIIIIIIIII]’IT[FI[II

I 0 0 0 O O
T e r e e e
L0 O

92
90

10

8

ot

T

6

4

2

0

=2

/6

/2
&

®© * o v

SIS
M

bap ‘v yooito jo 316Uy

Lift coefficient, C,

(a) Concluded.

Figure 5.~ Continued.



16

Horizontal tail
— O on

—— off

NACA RM L55J25

M TT DI 10 0 0 0
- I LI 3 0 0 0 I

O

M=85

-08

a
N
Eods

4
N

I

LI
;
T

TTTTTT

A
N
Q

I}

R

T TTTT
T

Q

TTTIT

Pifching-moment coefficient, Cp

K
Q
N

TTT

6
Qo

J2F : i

T

-/16

=20

-4 2 o 2 4 6 & 10
Lift coefficient,C,

(b) cC

m 2gainst Cy.

Figure 5.- Continued.

/12



17

NACA RM L55J25

Horizontal tail

on
off

92

M=90

)] TT1T 17T REI TTTT 1T T Tl 17 7 17 1
T T IR 1 1 1T ! 1 171 1T 17 11
1 T ) 1T P T 1 11T T 1 1] T
T i ! T
Il
C R
- 14 .
T : T mam
mus 1 1 T I3 i 1 11 | 1 I
i i
1T
wann 7 1 T
b frteten | 1
.
Ewn _MF L T 1
b AR I i 1
S EEN I ] UN w t 1
sunn T
P 1 k)
mann i - :
[T 7 1 : :
HT 1 T 1 I
o . 17 ! I
wm i i f
AN h “_ W
BeEN : : = S
wann T T ! T
ol | _— ,ﬂ T T RS T T
T : - t :
it “ N R anzaaaea :
HH i} | T I Il
e esSHTTE
T 1
1 H
; T
T i 1 4
1 11 1 vl
W 1T 1
f 7
13
; !
T
e
T - =
ﬁ “*W. i T T Bl T i _,.AN~
H N M [ i b T i
J H I T i i N i L S
H 1 11 1 1T I L T Tl I ni

08

.04

&
S 3 § g

U9 “ JU3191 44309 Juswow-bulyoy iy

S X ¥ o
Y

04
08

-2

-/6

-2 0 2 4 .6 ) O

4

Lift coefficient, Cy;

(b) Concluded.

Figure 5.- Continued.




18

Drag coefficient, Cp

32

28

29

20

16

f2

08

04

Q

J6

32

.20

A2

.08

o4

Horizontal tail
—e O on

—_——— orfr

NACA RM 155J25

948

44

.

40

JRC|
=

249

16

11
NN
LT

M=80

o 2 4. 6 8 10
Lift coefficient,C,

( ¢ ) CD against CL .

Figure 5.- Continued.

2




19

NACA RM L55J25

Horizontal tail

on
off

M =92

90

10

AT e T,

Lift coefficient,C,

IRE W

INEN]
INENI

T

20

16

A2

08

S6H

¥ 8

0 207

99 4ua10144800 boig

Ny
Q

0 [}

Concluded.

(e)

Figure 5.~ Concluded.




20 ) NACA RM L55J25

Horizontal tail
—O0— on

/6 : l'

/2

I

M=85

TTTITTTTT
T

4 241

ml

T
T T Ty

20

117

T Ill\‘II
T

/65

I
IR
T

T

TTTT

/12 }

TTTT

TTTT

Angle of attack,a,deg

IEERE

-2 o 2 4 6 g8 [0 [z 4
Lift coefficient, C,

(a) o against Cr,-

Figure 6.- Longitudinal characteristics of model with high wing, vertical
tall, and circular fuselage.




NACA RM 155725 JN

Horizontal tail
—O— on

—_—D off

1T

TTINNCT
T

LI

ST

+ L2 A
T
1
T
1
T
1
T
T
T
)
1
T
T T

O A

o S22 aedd e e =92
-« R R B B
i HH EdSREs SasE

T

S
T TiT
-
[
1
T
T
T
1

T T T T

A T ;

2 - A !
Errririry NEEdSRERgsRuN, T
1 Rd NANSREN HH

Angle of attack,e,deg

I O O O

SRR Enx Eanan s ARk, 8 3 H
HH n L H

A
RN
T

TTT

INEEN

INAE RN
IR

IEEEEN]

TTTTT T

(EEEE

LI

I

2 o 2 4 6 8 10
Lift coefficient,C,

(a) Concluded.

Figure 6.~ Continued.




NACA RM L55J25

22

Horizontal tail

on
off

Q Q
O
¢ :
it PR R
I T T 1 1T T 1 T T
i
2 \“ T
. £ W e
5
- T
i et
s ] } T
H i ] ,
i 3 -
s !
nﬁ '3 T
H T
i'd
r ] T H I3} T T
T LT 1 1
1 “_
I 1T 1
: Sessanatts e
ft t o I HH
W_ . 11 T 17 I T 1T 1T
T n T 117 1T 1 IARE
11T 1T I 4 117 T 1T _OA 2 6
% w - © 3
I © ¢ 3§ ' § § 3 3N
% T © S+
N © Q N 0
°© " e 9 F 3% 0§ 8 ¥

WA Gualal 4800 Juswous- Bulyal il

8 0 12 14

6

4

Lift coefficient,C,

against Cy.

Cmy

(v)

Figure 6.- Continued.



25

NACA RM 1I55J25

Horizontal tail

M =92

90

on
off

"
T T T T
] T I 1
i :
1 |
I |
1
I
I
L T
5 aun! 1
F AN 1 i
HH ] T+t i
s AT T
us -2 T t + Tt T
= — L i
ma I i T T =i
[ + H . It
o i T T
ma 1T Tt T T
o N : S
BE : T t
T T ; 4 T
ma s 7 T
| 1 1 1 71
1 11 1 T vd T
H ] i
i ;
| i T e
; Tl
] 1 i ) o
| g1 V. duiini
. T AN
- 1 : et
I i + : 4L 3
el I i IREaP
8! : T : padin
1 I
1 t 1 T ) T
V. 1 I 1
1 H T . B
it :
i " o Py
: T T T ISauaRN; !
1T I 1 T 7 T
it t Tt Tt
: ! iy
T ;
T 1 i T I
T T 1 T y S w EERSERN)
| % T { .
: [ T : 1
ot T ) i

04

-08

=2

%
S

04

WO 4us12144900 yusuwows -buryay iy

N
>

©
¥

-20

-29

10

(b) Concluded.

Lift coefficient ,C,
Figure 6.- Continued.



2L

36

32

28

29

20

/6.

Q N
N N

Drag coefficient , Cy.
Q

08

04

NACA RM L55J25

.‘Jllllllllll

Horizontal tail

O on

—_—TN - off

SSNmE

44

40

ol

n

D

29

M=85

o

12

T
INENENEERE
I SR

2 4 6 8 10 z /4
Lift coefficient,C,

(¢) Cp against Cp.

Figure 6.- Continued.




25

NACA RM L55J25

Horizontal tail

on

off

1N
Y
9 M
]
I
- - Q
= , <
- W
it Wv
; PR
! ! %
) EEEE ~
| £ | i | N
EvEEE 2 - .
EunEn| T : 6 ” d
Sunsw ! Q Q
HHH T ~ o)
HH Q . 3
HH ; N g <
i LR -
ENEuN QL 3 [e]
ENEEE N Q =1 O
BN NN Q ($]
H A oy w 1
§east H 'S o
Numas! , n ~ "
T ] ~J —
H o M
T 10 D)
T |m H
” : R e et EEEERESE, “ N
D v
N § 8§ ¢ ¥ & ¥ o
S © Ny ’ ’
§y ¢ ¥ g Jd o

99 “yuararyy 909 boig




26

20

/16

/2

N

Angle of attack, a,deg

] NACA RM 155J25

Horiz. and ver. tail
— O on
— e off

3

28

M=085

29

S

Emﬁ'?’—g@-

/6

2

HH M=080

o 2 4 6 8 o /12
Lift coefficient, ¢;

(a) « against Cy.

Figure 7.- Longitudinal characteristics of model with low wing and

square fuselage.




27

NACA RM 15525

Horiz. and ver. tail

on
off

—e——

M=09z2

090

TTTT

kM

e

EESENER
o

TT

ut

I 0 O S

e

BEA NS

T
T
T
IRNREEN

1

1
1
t
T
I

[

T
I
T

1

/2

© N © <t

~ ~

b3p ‘o yoorio 40 91bul

0

Lift coefficient,Cy

(a) Concluded.

Figure T.- Continued.



NACA RM L55J25

28

Horiz. and ver. tail

on

off

: 8

N ?

I S
i _
]

4_ 11T 2 2hﬁ_8\_-1~4_ J~»~K-8 A_~2 HNO~_-0
§ & © m_,. NN S Q Q9 % o9 9 5 3 N
] 1

U9 qud12144809 JusuIow -buIyay i

1z

10

Lift coefficient,C;

against Cg.

Cm

(v)

Figure 7.~ Continued.




29

NACA RM L55J25

Horiz. and ver. tail

on

off

N N
0) 9
(N (N
) ]
TTTTTTTTTT] TIT LT T TR T |0 0 2 0 O 1 IR O N TIITTTT T
117 T 0 NGNS EEERERNARS P INEREENRN ENNNS T T T T ey
jE R T 11 IEEERENI RS ENREEWE] JEEENEN) B IAEENEERENEEERREERN]
: =
14
;
s
T
T
T
I !
i T f
1 1
! G 1T T
o ; ;
o " T 1
T T
mn f I T
HH X V _W
! m T
--J w ]
n 1
H : v
H 1 T
mm : t 1
1 T
1 1
i IBE T
T T T i
T T T i
! £
»: T
1
1
,n
:
AT 1 In
T 1
T Sl T T I
: :
mmai
o
T
asn
Q ) Ny © N © Ny <+ ') N ©
Q Q O Q S ~ > Q O Q N ~ ~
1 i

U qua19144309 Judwow- Bulyall o

o

-2

-4

Lift coefficient, C;

(b) Concluded.

Figure T.- Continued.-



NACA RM 155325

30

Horiz. and ver tail

on

off

9941319144903 boiq

'y} D
Q Q
? ®
I I
e “
i TR EiiaitEn:
i
o
i Hi
i =
s
m_m T
] it
8] Ny Q © N D © ®
L L] y mv_. N NS Q- ©
QO ) T N Q© Ny
N N § ¥ ] ¢ & 88 g ©

2

10

Lift coefficient,C,

Cp against Cy,.

(e)

Figure 7.- Continued.



31

NACA RM I55J25

Horiz. and ver tail

on

off

M=092
M=090
1.0

Y dl

0 O 6 O O 0 O D RS
NSRS N NS ]

aes
—

I
-

S
BLk

IEANERANNSSNES AENEE

1||$
INEEEISNNEEENN ENEWN

T

T

0T

1 8 _
8 2 ¥ 8 & »°
I o
09 “4us19/44909 boig

N
8 ¢ v g

Lift coefficient, C,

(c) Concluded.

Figure 7.~ Concluded.



NACA RM L55Jd25

on
off

Horiz. and ver. tail

LiFt coeff/'&/bﬂf, "

32

N S
w _ st R s, ~
T | T
Ht T B8 ]
T ERRE = Amanm: a8 ]
i o i ta
H T Q
] ~
;
B t Q
rmm NS S SRMNs
S I
T H H rH
| \ . ©
I T T T T an (N ) T T
Hl S B pencen
Wy 1 RERERANN .
1 T I WE NN T
T T I I T T I
E A H SN
o H I TN T
i) T i T INE
& e o
T i |
I T
T T NN i
T EITTRY
: Q
H N
Tl RaNE v
N T
1T
il I T
I IT
ANNENEAN RS AN D] EEERSaRRSEESHENSEEmNEREEEEE! PR !
NENEE NN AANE AN NS RE NS ENE N DS AN B ER ! L U 3 %
© X Q © N ® S < v
N V] \V] ~ ~ |
~ S+ Q ¥

b63p ‘o “‘yopy4p jo JbUYy

a against Cy,-

square fuselage.

(a)

Figure 8.~ Longitudinal characteristics of model with high wing and



33

=0.90

10

HM

on
off

Horiz. and ver. tail

T 1T I O EE RN Bl ARD) T L 11T
1T JN I) R T T 11T 117
1 LI k» —"__ T w__« [l
T +
\_F T
_ y
1 ). \m “
he.
H B e ©
H T I NS W) )
H f T —H HHH
ol T ] T T 1
H e !
H H !
e ; ;
s TITT TN T
wn 7 ! ¥
T} 11
Fit T
H !
T T
| T
H 17 u
a ;
H ; ; !
1 1 f T 2
IS i ¥ 107 T T 1T T T T T L
H ) ! A = e BaSLs ae,
1 T T T T T
1 I I T it 1T I
Il us SN T T T T |
W T I _k T a 1T T I
T T N
m T Il
1 »
! : H
: : Y
T T ]
tT h 1
- 1 13 [T 1 Il
ARAEY AT i3 NS AT T T T
HA Ht P H
T 10T T 3 TTT0] 1T T 4

NACA RM 155325

/6
/2

© A Q * !

bop‘o ‘yopyip jo 916u

(a) Concluded.
Figure 8.- Continued.

Lift coefficient,C,

C e Emeefie g



NACA RM L55J25

3L

Horiz. and ver.tail

on

off

M=0.85

M=080

T T T

e

=S

IT

08z

.04

-04

-08

=/2

-/6

-20

08

N ©
o 3§ 8 3 3

W 1u3/01 44900 Juswow - buiyal 1o

Q
N

4
o

1.2

10

Lift coefficient, C;

Cm against CL .

(b)

Figure 8.- Continued.



35

NACA RM L55J25

Horiz. and ver tail

on
off

N
3 3
N N
S I Q
T ~
T sisss Q
[ :_ .
H e t !
= £ish s dEeE-s
E S8ce & ﬁ @
i i m ; :
i e e W
RS aedcccccccdg e : N
1xm = I t 1 AT
H s Q
H T T
I 1. L
L I
: sais HH
nt “ 2e: EERESEeEEERS: ﬂ/._
T A T
T 11 T
! ! P
T H AERRN] SRR}
JREESSREE] e e e T T T T T T T T P T P T T T 1 RN ASENER R TTCF 4
St N D N © Qi
N T A R
Ry T
3 o & 8§ & © R
" 'y )" I ¥
W’ 1US1314 4309 JUIWOW ~BUIYIY I

Lift coefficient,C,

(b) Concluded.

Figure 8.- Continued.



NACA RM L55J25

36

Horiz. and ver tail

on
off

M=085

M=080
12

T T I T T T T LT T T LT

NN RN

1T
in

T
SRS EENERES

T

56

36 52

32 48

28 44

24 40

20 36

16 32

©
~

a8
.24
20

Q
09 “ Jua101 44209 bpagy

2
o8
o4

12

08

04

10

Lift coefficient,C,

CD against CL .

(e)

Figure 8.- Continued.



37

NACA RM L55J25

Horiz. and ver. tail

an

off

0.90

HHH M

T 1T T TR T 1T 11T 1T
T T 1T IMNAEERS T e : 1T 1T ]
I INEEEREEN T 1T T i 1 1T )
| ] 17 T NN OTTT it N I
£l 1T A T T 12 T
T T AN O s
T T T
N RN
T ENEN RN
T T
T TR
AR N
A T
T ua SEEENS :
1T
T T
- T
T ) - i+
I +H T i\ 1T N
i : 1 1
H Saaan . AN
e H
anman t
aNuAl - + TTRY
m T s T
T T
sRiEmuiiin st £
e £ SEsssaia et
H HH H T ; T 0
Sunmal i g T Y
T " I T i
S e T e
it T i i T 1
T T L 1y
H AT A e,
EENEER T i ]
T ] o
NAREEES B i an san e ;
W 1 H
T T
T T n
T T
1Y 11
" ]
i 1
H T
- e
T n |
i n i
T ]
T " T + T T
T 1 T I B
T T
M T
TLTrTT TR T
i yRNSEEAT HrH HT
|mxna: A Tt INEENENY

24
20

99 ‘4019144802 b4

0

-2

-4

Lift coefficient, C,

(¢) Concluded.

Figure 8.- Concluded.




58 | | I | NACA RM L55J25

Tail on] o
_ Tail off] Circular fuselage
————— Tail on ]
Tail off | Square fuselage
0
CmcL 5B SaapamuE
-'/ i ‘\
o] i R S
76 80 84 88 .92 .96
y
(a) Low wing.
0
G -
e, e
-/ —
-2 : ERmammiER:

76 .80 84 W 88 92 96

(b) High wing.

Figure 9.- Variation of CmC with Mach number. Cy = 0.
L .



NACA RM L55J25 y ] 39

Pitching - moment coe fficient ,Cm

/2 7T TITT TIT 0 O O O
O
INEENNS NS

08

IEN B
3T

7
T

}4

i

MR EEN

o N High wings

J
N

5

i
N

16

TTTTTT
T

12}

I

1
~
T
i1
Il
)|
Il
Il
{
1
17
!

; biairoowt B
e pRaNdSRERRALN
: S

P
>
Il
7T
IS4
T
1
T
T
1
I 1T

I
1
1
I
T
1
T

b
T
o
M
Il
>

WA
S
8

24 ol T e B

f H Low wings

o
N
)
Q
It
!
11
’\'l
T
I
H
1

[
N
K

)
by

A
T
T
T
T

i
T

T TId

INE R
T
T
T
7

-36 -08HHH ’ Y

=n

-4 -2 o 2 4 6 .8 1.0 .2 /4
Lift coefficient,c,

Figure 10.~ Comparison of pitching-moment-coefficient variation with
1ift coefficient of circular and square cross-section fuselage
models. M = 0.80.




40 . NACA RM L55J25

Horiz. and ver. tail

_ O on
—— off
0 iPREY ; === '.' nE Reas
Cre . ‘
~02 T T
0 -
- : 004
: 002
- 0 “ng
- - N - 002
i -004
004
002 5
o Sese
“% SiSacananet = IRt
- 002} SEreendis
004t

-4 0 4 & 2z 6 20 24
Angle of attack,a,deg

(a) M = 0.80.

Figure 11.- Iateral stability parameter characteristics of model with
low wing and circular fuselage.




NACA RM L55J25 JA
Horiz. and ver. tail
_—O0— orn
b off
0 |-r| |.| i [T mEs n --—, T ix T T £ ].
CQ gy ———
-02
0
= 004
ooz
0 Cﬂﬂ
HEE EifsEas H.002
004
004 it
002 E
G =
g 9 a i
il
-002
-004
-4 0 g & /2 /6 20

Angle of attack,a,deg

(b) M = 0.85.

Figure 11.- Continued.

Sl

L1



ko W NACA RM L55J25

Horiz. and ver. tail

—— on
—_—t— off
O m b S NRAgEqREANR
Cy, G - i
i | | A
= Q2
()
: £ 004
002
o ‘ng
Eeatiiiceed 002
-004
004
.002 |
G 0 (,
H i s
-.002 Sancasd
-004

-4 o 4 & 2 16
Angle of dttack,a,deg

(¢) M = 0.90.

Figure 11.- Continued.



NACA RM 155325 D
Horiz. and ver. tail
—— on
—_— D off
O o
Cy
-02 T :
()
i g 004
.002
0 Chg
=eddil FER 002
-004
004
oo?
Gy O ;
= 11 _m:_*
-002 EEEan
-004

-4 0 4 & /2
Angle of attack,a,deg

(d) M = 0.92.

Figure 11.-~ Concluded.

43



Ly JN NACA RM I55J25

Horiz. and ver tail

e on
— off
o AN === 5 1 HHHH I§ :
C, . KSE= SS= 4
Ye A EEES T I
=02
O
| 004
; PO 002
0 c”ﬂ
L=t SCEEN S -
i un=a -002
=004
0oz
O Hf : “Cauatiiisss
B -] —,—ﬂ NN
G :
-4 _ SREdE ]
-002 { e ~ g
-004

4 0 4 8 /2 6 20 24
Angle of atfack, a,deg

(a) M = 0.80.

Figure 12.- lateral stability parameter characteristics of model with
high wing and circular fuselage.



NACA RM L55J25 U 45
Horiz. and ver. tail
—_— on
— off
o e NanRe | T ;{k
-02
RO
004
= ' | 002
o Cnﬂ
: S L 002
i - -004
oo2
0 inqE
C u
% SISEBLS
-002 i
-004

-4 o 4 8 /12 6 20
: Ang/e of attack,a,deg ,

(b) M = 0.85.

Figure 12.- Continued.



46 <7 NACA RM I55J25

Horiz. and ver tail

—_ on
—D— off
0 T Il==ll T T
Ch
02
ION
004
et : 002
9,
= cnﬁ
e assatEaan i -:002
b 004
0 N
Y% -o0z : ‘
-004 HTH

-4 0 4 & 2 16
Angle of attack, a,deg

(¢) M = 0.90.

Figure 12.- Continued.



NACA RM 155J25 S Y7

Horiz. and ver. tail

—O— on
— off
o R A
C,;& s .
-02
©)
004
s 002
0 C‘ﬂﬂ
i - 002
: 004
O ttt :
C},e R o FRleas
-002 T
-004 '
-4 0 4q & /2
Angle of attack,a,deg

(a) M = 0.92.

Figure 12.~ Concluded.




48 . NACA RM L55J25

Horiz. and ver tarl

' —f——<}———— on
— b off
0 T - 1T TT
C’,ﬂ i
02 ]
()L
e Saxaasanan s Rt 004
002
0 6/7,9
; SEEEESeR R -002
-004
002 35
o -
o g :
-002
—.004

-4 0 4 & /2 6 20 24
Angle of attack,a,deg

(a) M = 0.80.

Figure 13.- Lateral stability parameter characteristics of model with
low wing and half-circular-half-square fuselage.



NACA RM L55J25 aswEaEn

Horiz. and ver tail

—O— orn
— off
Om samzan
7
-02
()
. 004
002
Cﬂi
o
[ S===1 T ' A -002
-004
002 34
G,
002 '
-4 0 4 8 /2 6 20
Angle ofattack,a, deg
(b) M = 0.85.

Figure 13.- Continued.




50 | SNy NACA RM L55J25

Horiz. and ver. tail

-— O on
e off
Gy ©
~002 ﬂ
i 004
002
0 Crg
e . -002
H-004
004
002
o ok ~
-002

-4 0 4 8 /2 /6
Angle of attack, a deg

(e) M = 0.90.

Figure 15.- Continued.



NACA RM I55J25 J

Horiz. and ver tail

—_— on
B — off
o =
97
002 ‘ SHHE
() =
e ] 004
002
Cng
0
Rt .002
_004
.004
002k
G
73
O EE
-oo? s

4 o0 4 8 1z
Angle of attack,a,deg

(d) M = 0.92.

Figure 13.- Concluded.

51




52 S NACA RM L55J25

Horiz. and ver. tar/

_ 00— on
— off
0 ] I‘I==ll==-ll=:ll Irri T
&y : :
"02 x SE=E L] ':
—04 _:i:
(1 g
004
L 002
: o s
peERsaEd 002
- 004
002 b it
Cp O i
-002 et
_004 HHHH

-4 0 4 8 2 6 20 24
Angle of atfack,a,deg.

(a) M = 0.80.

Figure 1h.- Lateral stability parameter characteristics of model with
low wing and square fuselage.

sUsmwanp




NACA RM L55J325 b -

Horiz. and ver. tail

—_— O on
— off
0 | W} T 11 181 1T 11
] i
Gy, i
-02
O
Il
004
O 002
it 0 Gy
002
: L opg
004 +
.002 ENEE L ]
Y o HAE :
002 ‘
-004
9 o0 4 8 12 16 20

Angle ofattack,a,deg

(b) M = 0.85.

Figure 14.- Continued.

55



54 NACA RM L55J25

Horiz and ver tail

—O—— on
a—N——e Of f
O rEp
SiE Eissisressiinsser
C);? i
-02 WesTpEa== HH
N
.004
8 .002
C
o ¥
002
-004
004
ooz |
G4
0

-002
- 9] 4 8 /12
Angle of attack, a,deg

(¢) M = 0.90.

Figure 1k4.- Continued.




NACA RM I55J25

Horiz. and ver tail

s O on
D off
0 = 1(1 n TT
Cy
-02
g 1.
004
ooz
o C”,@
=H-002
-004
004
002
oA _
0 g
-002 H
4 0 4 8 /12

Angle of attack,a,deg

(d) M =o0.92.

Figure 1l4.- Concluded.

55



56 ] NACA RM 155325

Horiz. and ver. tail

—O0— on
—— off
¢ i
%-{02 fecSceeeesees: hsaaaidi] s <
-04 | —
: sy =002
o 5 : 0 C/?/g
{H e A 002
= ) 004
N :
-002H i N
% 004 :
0%y o 4 8 12 16 20 24

Angle of attack, a,deg

(a) M = 0.80.

Figure 15.- Iateral stability parameter characteristics of model with
high wing and square fuselage.



NACA RM L5525 ST

Horiz. and ver.tail

O on
— orr
0 A T i
Cy, EEieics i
# -02 ==
-04 L
- 002
0
s Crg
~.002
WiES R
=t 004
0
G S E
o -00.
-004
-4 0 4 8 /2 16 20

Angle of attack,a,deg

(b) M = 0.85.

Figure 15.- Continued.

o1



- S NACA RM 155725

Horiz. and ver. tail

O on
—— off
0 1] T i {l
c,//& : SAEruEN H T i
02 SEEEEER R el
i L il
SHEsssssscEzaary H oo?
0
Cp 70
SEPNRp=Sresss 002
- 004
O L
C},e -0z : : /
-004 ‘
-4 0 4 8 /12
Angle of attack,e,deg

(¢) M = 0.90.

Figure 15.- Continued.




NACA RM 155d25

Horiz. and ver. tail

— on
S — off
o : g
Cy, i ;
~02
Ly =2t
L 002
0 Cp,
L o2
: _004
0 gassoees Emn
Gp  TemiN
~002 g :
-004 H
4 o0 4 &8 12

Angle of attack,a,deg

(&) M= 0.92.

Figure 15.- Concluded.



0
G,
H i 702
ver. lail off
-04 -04
004  Horlz. and ver: tail on 004
3 3 Horiz. and ver. tail on
002 002
n,
Cry 0 0 g
- 002 Fx e : -002
HH Bt Hor/z. and ver. b
Horlz, and ver. - R e S
004 tail off v 004 rail off|
Horiz. and ver. Horlr. and ver
002} tail off: o002 tail off
o E:: i E H : C 7] oeites
C‘Ca LTS ]
-002 -002
and EEast
-Go4 faif on -004 Horiz. and ver.
006 &
-4 [/ 4 &g 2 B 20 24 4 8 e . 20 24
Angle of attack,a,dey Angfe of attack,a,deg

Figure 16.- Comparison of variation of static lateral stability derivatives
with angle of attack of circular, square, and half-circular-half-square
cross-section fuselage models. M = 0.80.

09

Gered1 W YOVN



NACA RM L55J25

N
HH 5
gt : Q
1] {1 11 6
1 H ~
A
H i ©
_ i s - +
| B i
] \x? i HHH S
H H H 1 HHHH 1

004

Ay, 002 St

002 =

-002
-4

20 24

6

2

I HH T 4 Bl _
H ¥l i H ﬁwrrux T i T
ikt m.wmm i HHH
H 'l vw V1 i b \\N\.,
u; A T A 5 HH
SREr du {
\ i

T
TT

T

iR TT

I

T T T
1 T
1 1T !
T f t
T t
|
; P
; o Mt -
o e s
.rl-V‘\ ;
. s Sy
s i -
e :
=
I
t

N N AR N

NACA - Langley Field, Va.

006

004

A Cnﬂ 002

-o0ce

002

Angle of attack,a,deg

Angle of attack, a,deg

61

0.80.

M =

Figure 17.- Variation with angle of attack of the increments of the static
lateral derivatives due to the tail.



